INTRODUCTION
The French Butte and Greenhorn Buttes 7.5-minute quadrangles are in the Cascade Range in southern Washington, about 15-20 km northeast of Mount St. Helens and 30-35 km west of the Cascade Crest (Fig.  1) . The two quadrangles adjoin the east sides of the Spirit Lake East and Cowlitz Falls quadrangles recently mapped by Evarts and Ashley (in press a, b) . The extreme southwest corner of the French Butte quadrangle is in the area devastated by the May 18, 1980, eruption of Mount St. Helens. The French Butte quadrangle includes a major easttrending divide that separates the Cispus-Cowlitz river system to the north from the Lewis system to the south (Fig. 1) .
The quadrangles are underlain chiefly by Miocene volcanic rocks ranging from olivine basalt to rhyodacite or rhyolite, cut locally by subvolcanic intrusions and unconformably overlain in a few places by flows of Quaternary olivine basaltic andesite and andesite. Low-grade hydrothermal alteration pervades the Tertiary rocks and gives a greenish cast to many of the once-glassy volcaniclastic rocks. Unconsolidated deposits related to at least two episodes of late Pleistocene glaciation cover parts of the area (Crandell and Miller, 1974) . Tephra from eruptions of Mount St. Helens during the past 50,000 yrs mantles all units (Mullineaux, 1986) . (Evarts and Ashley, in press a, b) , and major volcanoes in southern Washington Cascades.
In general the tephra cover thins northeastward, away from the dominant axis of fallout. The tephra was not mapped owing to its ubiquitous presence.
Bedrock exposures are relatively limited owing to the thick surfitial cover and dense forest (broken by numerous clearcuts). However, numerous small perennial and annual streams provide adequate to excellent local exposures and, together with intervening cliffs and ridge-top outcrops, allow stratigraphic relations to be determined with few exceptions. Most such streams were traversed during the mapping. Numerous logging roads afford exposures as well as reasonably good access. The southeast corner of the French Butte quadrangle is relatively difficult to reach, however; mapping there is incomplete.
These geologic maps, together with those of Evarts and Ashley (in press a, b) , are the first to be prepared at a scale of 1:24,000 in the predominately Tertiary part of the southern Washington Cascades. They initiate a series of maps to be completed during the next several years as part of a project to tie mapping in the Mount St. Helens area by Evarts and Ashley (1984, in press a, b) and Evarts and others (1987) into the now-classic Tertiary stratigraphic section (Ohanapecosh, Stevens Ridge, and Fifes Peak Formations, in ascending order) defined by Fiske and others (1963) in Mount Rainier National Park and adjacent areas. These stratigraphic 3"' X-7^ / "^ C *v.
names have been used, sometimes in modified form, by most later workers (Hammond, 198O, Swanson and Clayton, 1983; Vance and others, 1987) in areas near Mount Rainier and haVe been tentatively extended throughout the southern Washington Cascades during reconnaissance work with little intervening detailed mapping (Wise, 1970; Hammond, 1980) . For example, Hammond (1980) assigned most of the bedrock in the French Butte and Greenhorn Buttes quadrangles to the Ohanapecosh and Stevens Ridge Formations on the basis of reconnaissance mapping. One of the objects of my work is to place the stratigraphy of Fiske and others (1963) into a well-controlled regional context that will result from pooling the work by Evarts and Ashley with that of the current study to provide a geologic transect across the southern Washington Cascades. It is too early in the study to assess the regional stratigraphic relations, although it is clear that the rocks in the French Butte and Greenhorn Buttes quadrangles are considerably younger that those assigned to the Ohanapecosh Formation near Mount Rainier (Vance and others, 1987) .
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ROCK TERMINOLOGY
Chemically analyzed samples are classified according to the recommendations of the IUGS Subcommission Figure 2 ), and rhyolite (generally greater than about 72 percent SiO^ but see Figure  2 ). These samples have the following rather consistent phenocryst assemblages (Fig. 3) , with minerals given in approximate order of decreasing abundance: basalt, ol ± cpx ± pi; basaltic andesite, pi ± cpx ± hyp ± ol; andesite, pi ± cpx ± hyp ± rare olivine ± hb; dacite, similar assemblage as that for andesite (except for rare quartz) but hypersthene is less common and the groundmass texture is commonly snowflaked; rhyodacite and rhyolite, generally nearly aphyric with pi > cpx. Samples with thin sections but no chemical analysis could therefore be classified on the basis of their phenocryst assemblage and groundmass texture. In all, 379 samples from the two quadrangles were sectioned (Fig. 4) ; of these, 114 were chemically analyzed (Fig. 5 ; Tables 1 and 2) .
GENERAL GEOLOGY
The rocks in the two quadrangles are mostly lower owing to hydrothermal alteration related to the presumed vent. 
TERTIARY ROCKS
The basalt of Twelvemile Creek is probably the oldest unit in the two quadrangles, despite its occurrence along the trough of the Elk Creek syncline. No radiometric ages are available for it, but field relations suggest the unit is older than welded tuff of unit Ttv dated as 23.3 ± 1.8 Ma (Table 3 , no. 1A). The basalt crops out in the central part of the French Butte quadrangle and apparently underlies unconformably andesite and basaltic andesite lava flows and dacitic volcaniclastic rocks (see cross section B-B'). Volcaniclastic rocks (unit Ttv) in the small exposure surrounded by basalt along Twelvemile Creek itself consist of bedded sandstone derived from erosion of the basalt and are not related to the more silicic tuffaceous units higher in section. The basalt probably erupted locally, because the stack of thin flows is cut by at least one petrographically similar dike in a cliff just south of the mouth of Twelvemile Creek. The basalt is more highly altered than most other rocks in the area, perhaps unit in either quadrangle (Tables 1 and 2 ).
The overlying Tertiary section consists of interbedded lava flows and volcaniclastic rocks in roughly equal proportions. Few individual lava flows or ashflow tuffs have more than local significance. Many such units probably never extended far owing to small volume or confinement to channels. The lava flows and ash-flow tuffs typically lack distinctive characteristics and hence cannot be mapped separately. For the most part, these units form a conformable or only locally disconformable section that probably records deposition on broad aprons between vent areas. Such an interpretation accounts for the readily traceable though discontinuous units in the Iron Creek and Pinto Creek valleys, where only local vent areas (such as unit Tav 1 km south of Pinto Rock) mar the otherwise overall "layer-cake" stratigraphy.
Locally, however, vent and near-vent deposits dominate the section. The most prominent example is the bedded breccia of Pinto Rock, whose coarseness, poor sorting, and steep dips of as much as 32° clearly define a major eruptive center or centers elongate northward. The basalt and basaltic andesite of Huffaker Mountain probably occur on the east flank of a » Q i9999999999 9:9 9999999999999999999999999999999999999 r |SwwSss2"^^5 M H5"^^55^"5^"552''*^*""''*^"^""" 
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It 5 i2 3 i2 i5 ff 5»i2 2 iS i2 2 iS iS 2 Ii2 i2 i2 f 2 iS Evarts and Ashley (in press, a) Evarts and others (1987) Hammond (1980) do. Phillips and others (1986) ; Korosec (1987) J. G. Smith (written commun., Sept. 1986) "Six-step Ar^-Ar39 plateau age on plagioclase separate bStandard K-Ar method on plagioclase separate 'Standard K-Ar method on whole rock large shield or lava cone (Evarts and Ashley, in press b) , although dips in the unit are in the same direction as, and only slightly steeper than, those of nearby units that probably were deposited at the foot of the volcano. An eruptive center probably accounts for the prominent, steeply dipping section of thin basaltic andesite flows 2.5 km southwest of Elk Pass. An unmapped cinder bed, cut by a dike in a road cut 3.2 km due east of Elk Pass, is possibly part of a vent for some of the nearby andesite flows. Iron Creek Butte may be another andesitic center, as judged from its concentration of lava flows surrounded by tuffaceous rocks.
Some or all of the small intrusive bodies in the two quadrangles many have fed eruptions. All were emplaced at shallow depth, as shown by their generally fine grain size (even glassy in places) and quenched margins. Good examples are the andesite intrusion at Greenhorn Buttes, basaltic andesite bodies 1.2 km north and 2.2 km southeast of French Butte, and relatively coarse-grained basaltic andesite intrusions 1.5 km west-northwest of the mouth of Wakepish Creek and near the south edge of the French Butte quadrangle west of Elk Creek. The ages of these intrusions are unknown. The Greenhorn Buttes intrusions cuts rocks interbedded with an ash-flow tuff K-Ar dated at about 18.5 Ma (Table 3 , no. 3A), and the body near Wakepish Creek cuts rocks dated at about 23.3 Ma (Table 3 , no. 1A). How much younger the intrusions are than their wallrock is an important unanswered question.
Examples of relatively widespread units of silicic lava flows include the dacite of Clearwater Creek and the rhyodacite of Strawberry Mountain, both of which are extensive farther west in the Spirit Lake East quadrangle (Evarts and Ashley, in press a) and probably were erupted there. However, a quartz-phyric dome (unit Tqd) 2 km due west of Elk Pass could denote a vent for the Clearwater Creek unit.
Another extensive silicic unit, the dacite of Bluff Mountain, apparently flowed along a narrow northeasttrending gorge cut into volcaniclastic rocks in the central part of the Greenhorn Buttes quadrangle. This flow is the youngest dated Tertiary unit in the two quadrangles, with a K-Ar age of 15.7 ± 0.2 Ma (Table  3 , no. 4A), and apparently reflects volcanic activity following a period of erosion of unknown duration. The gorge that it followed must have drained northeastward, because the base of the flow descends in that direction, even on the northeast limb of the syncline. In fact, the base of the flow is about 120 m lower at the south end of Bluff Mountain than it is 2.5 km southwestward, toward the trough of the syncline. The intracanyon flow crosses the trough of the Pole Patch syncline at a high angle. This arrangement implies one of two relations: either the flow is younger than the syncline (which did not control topography so that the paleodrainage crossed rather than followed its trough) and rests with both angular and erosional discordance on the underlying rocks; or the flow is older than the syncline but shows no evidence of folding owing to the overwhelming effect of the obvious erosional unconformity. Exposures are not adequate to separate the effects of a possible angular unconformity from those of the erosional unconformity and hence to determine whether the flow is younger or older than the folding. The flow also obliquely crosses the course of the modern Cispus River; clearly the Cispus does not follow the middle Miocene drainage system reflected by the dacite-filled gorge.
PLEISTOCENE VOLCANIC ROCKS
No evidence exists for volcanic activity in the mapped area following eruption of the dacite of Bluff Mountain until olivine basaltic andesite and andesite flows were erupted in the French Buttes quadrangle in the Quaternary. Both Quaternary units, the olivinebearing basaltic andesite of Badger Ridge and the olivine andesite of The Loaf, have been glaciated and have normal magnetic polarity. A flow on Badger Ridge has a K-Ar age of about 0.65 Ma (Table 3 , no. 54). The similar degree of erosion of both units weakly suggests that they are about the same age, and the similar range of chemical compositions within each unit (compare analyses 12,17, 26, 31, and 32, Table 1 ) could be taken as evidence that the two units are genetically related.
The two units were apparently erupted on either side of the Cispus-Lewis drainage divide (nearby Badger Peak is on the east-west divide) and sent flows downslope from the divide, whose development therefore predates 0.65 Ma. The vent for the Badger Ridge flows is filled with a plug on Badger Ridge; the vent for the olivine andesite of The Loaf is not exposed, although olivine-bearing spatter occurs just under the flow at one location 2 km south-southeast of The Loaf. Both units are bounded by high cliffs and have clearly experienced significant reduction in outcrop area by erosion. Most likely, the present topography, in which the Pleistocene flows stand high above the Miocene rocks, results from inversion and glacial scour in the Elk Creek, Pinto Creek, and Yellowjacket Creek (just east of Badger Ridge) drainages. However, a puzzling aspect of this interpretation is that the Miocene lava flows seemingly are as resistant to erosion as are the Pleistocene flows; in fact, both readily form cliffs in the two quadrangles. Perhaps the Pleistocene flows were erupted on flat ridge crests and built topographic highs owing to relatively low fluidity, where lava dribbled into flanking valleys, later erosion and glacial scour removed it. Another possibility is that the valleys were occupied by ice when the eruptions occurred. Recent compilations of ages of glaciation and low ocean temperatures are consistent with the possibility of glaciers occupying valleys in the Cascades about 0.65 Ma (Imbrie and Imbrie, 1980; Johnson, 1982; Richmond and Fullerton, 1986) .
The flows of Badger Ridge and The Loaf lie along the northeast-trending Tumtum-Badger Ridge line of Quaternary vents that bounds most Quaternary activity in the southern Cascades of Washington (Swanson, 1989) . Northwest of the line, only two Quaternary vents not associated with Mount St. Helens and its lineaments (Evarts and others, 1987) occur. Southeast of the line, Quaternary vents are scattered throughout the region. The line itself connects isolated vents seemingly not a part of the scatter to the southeast. The significance of the line remains obscure.
STRUCTURE FOLDS
The Pole Patch syncline dominates the structure of the area. It is relatively well defined throughout most of its extent; only in the poorly exposed area north of the Cispus River does it become indistinct. The syncline clearly predates the flows of Badger Ridge; its relation to the 15.7-Ma dacite of Bluff Mountain is uncertain, as described above. The syncline is asymmetric; its east limb generally dips more than 10° within 1-2 km of its trough, whereas its west limb dips less than 10° within 4-6 km of its trough. Whether the syncline plunges is not clear; if it does, the plunge direction is probably northward.
The Elk Creek syncline is less well defined than the Pole Patch syncline. Nonetheless, attitudes in the Elk Creek and upper Iron Creek drainages are consistent with the presence of such a structure. Its plunge, if any, is indefinite. Several west dips beyond the north end of the Elk Creek syncline suggest that the syncline extends nearly to the Greenhorn Buttes quadrangle; however, I interpret the dips to reflect rotation in landslide blocks rather than tectonic deformation.
In regional perspective, the two synclines may be viewed as en echelon segments of a single major syncline, mapped in various configurations by Hammond (1980;  his Greenhorn Buttes syncline) and Walsh and others (1987) . The two synclines represent a major low point in the regional structure. For example, dips in the Cowlitz Falls and Spirit Lake East quadrangles are typically eastward and east-northeastward, toward the synclinal troughs, with only local divergence caused by volcanic edifices (Evarts and Ashley, in press, a, b) . In the Greenhorn Buttes and French Butte quadrangles, such edifices have little effect on the overall structural grain, as shown by the notable consistency in strike directions (Fig. 6 ).
-N- An important caveat to my interpretation of two en echelon synclines plagues all interpretations of structures in the Cascades: the potential for confusion of significant primary dips in the volcanic units with younger tectonic dips. Steep primary dips, such as those at Pinto Rock, are easy to recognize, but the more common primary dips of 5-15° can readily be confused with later tilting. The attitudes in the French Butte and Greenhorn Buttes quadrangles clearly reflect a major synclinal structure, but I am less certain about my interpretation of two en echelon structures, owing to the possible mixing of primary and tectonic dips.
Probably the best test of the interpretation will come from further mapping south of the French Butte quadrangle and from a better understanding of the regional structural framework of the southern Washington.
FAULTS AND SHEARS
No major faults were identified in the two quadrangles. However, small steeply dipping shears with subhorizontal slickensides are widespread. I could determine little if any offset along them. Topically they are oriented northwest to north-northwest and have polished surfaces that are stepped in a pattern suggestive of dextral slip; this pattern can be determined only by rubbing the polished surface with and against the "grain" of the slickensides. A few northeast-trending shears have stepping suggestive of sinistral movement A particularly good example of a dextral shear is in a quarry 700 m due north of the mouth of Wakepish Creek in the Iron Creek drainage. Another dextral shear is clearly exposed in a quarry 1.3 km east of the mouth of Ames Creek in the northern part of the Greenhorn Buttes quadrangle. Both quarries are sometimes active, so the exposures are probably ephemeral.
These shear zones are probably part of a regional system of similar structures, chiefly north-to northwest-trending with dextral movement, recognized on the western Columbia Plateau in Washington and northern Oregon; in places they are simply shear zones with little displacement, and in other places they are faults with offsets of hundreds of meters or more (Bentley and Anderson, 1980; Anderson and others, 1987) .
DIKE ORIENTATIONS
Most dikes in the two quadrangles trend slightly north of due west (Fig. 7) . All but two of the dikes are in the French Butte quadrangle, and most of those are in the southern half of the quadrangle, where they form a notable dike swarm of andesite and basaltic andesite. Dikes of hornblende dacite in the Pumice Creek area east of French Butte have a similar trend. Work in progress east of the mapped area shows a similar preferred orientation of dikes throughout a north-south extent of 25 km. Dikes west of the mapped area, however, have nearly random orientations (Evarts and Ashley, in press a, b) .
Dikes propagate parallel to the direction of maximum principal stress and normal to the direction of least principal stress at the time of intrusion. The roughly east-west orientation within the mapped area suggests a roughly east-west maximum compressional stress and a north-south minimum principal stress. This stress orientation is consistent with that expected from the overall trend of the Cascade Range, according to Nakamura (1977; Nakamura and others, 1977) . Significant variation from this orientation probably reflects local stress fields imposed on the regional one. For example, dikes of basalt and basaltic andesite on Huffaker Mountain trend north to north-northeast (Evarts and Ashley, in press b; this map) and may record stresses related to formation of the Huffaker edifice. The lack of consistent orientation in the Cowlitz Falls and Spirit Lake quadrangles to the west suggests complex interaction of regional and local stress systems, possibly caused by the intrusion of the Spirit Lake pluton and other bodies (Evarts and Ashley, in press a, b; Evarts and others, 1987) .
The mean strike of the dikes, 280°, is about 10° greater than a normal to the approximately northsouth trending Cascade Range. This difference could be accounted for by clockwise rotation of 10° since the dikes were emplaced. Clockwise rotation of Tertiary rocks in southern Washington has been documented by a number of workers on the basis of paleomagnetic data (Simpson and Cox, 1977; Beck and Burr, 1979; Bates and others, 1981; Wells and Coe, 1985) . Whether the orientation of the dikes can be interpreted in terms of rotation is unclear but intriguing.
The relative consistency of dike orientations in the French Butte quadrangle and farther east suggests a kind of "norm" against which other orientations can be compared. In other words, dikes lacking such an orientation may be considered to reflect a local stress field and hence may help to guide more detailed field examination of the causes of that field.
CHEMICAL ^CLASSIFICATION
All of the Tertiary rocks are to some extent altered and oxidized (Tables 1 and 2 ). Glass is hydrated or replaced by low-temperature clay and zeolite, and orthopyroxene and olivine are typically partly to wholly replaced by clay. Clinopyroxene and plagioclase are relatively fresh, although even these minerals are locally altered to clay and calcite. In addition, veinlets of clay and calcite are locally present The alteration and oxidation reflect the regional burial and weak hydrothermal alteration that is prevalent in the middle Tertiary rocks of the Washington and Oregon Cascades. Interpretation of whole-rock chemical compositions must take into account the effects of such regional processes. Hence only analyses normalized to 100 percent on an H2O-and CO2-free basis, with all iron recalculated as FeOT are used in the following comparisons (Tables 1 and 2) .
Overall the whole-rock compositions of the volcanic rocks in the two quadrangles are rather typical of those of orogenic arc volcanism, particularly that on a continental margin (Gill, 1981) . The Tertiary rocks define a distinctly calcic suite, with an alkali-lime index of 62.6 ( Fig. 8 ; Peacock, 1931) . None of the rocks is alkalic (Fig. 2) , and analyses of Tertiary basaltic andesite and andesite plot in the medium-and low-K andesite fields on a classification diagram slightly Gill (1981) , so that mafic andesite (basaltic andesite in the IUGS terminology used in this paper) extends down to 52 percent. The rocks are dominantly medium-K mafic and silicic andesite (basaltic andesite and andesite in IUGS terminology), with a few (mostly basaltic andesite) in the low-K range.
modified after Gill (1981; Fig. 9 ). On an AFM diagram and a plot of FeO-r/MgO vs SiO2, the Tertiary rocks span the boundary between the tholeiite and calc-alkaline series in the classifications of Irvine and Baragar (1971; Fig. 10 ) and Miyashiro (1974;  Fig. 11 ), respectively. Most analyses with less than 55 percent SiO2 are tholeiitic in Miyashiro's (1974) classification. Overall the suite of analyses is skewed toward the tholeiite series of Miyashiro and toward the calc-alkaline series of Irvine and Baragar (1971) . At SiO2=57.5, the Tertiary suite has an average K2O content (K57J) of 1.1 percent and an average FeOp/MgO ratio (FcO^/Mg^ of 2.8 percent, as determined from linear fits to the data. The K57j value is well within the range of average values for volcanic arcs given by Gill (1981, Table 7 .1), but the value of FeOp/Mg57j is high and most characteristic of volcanic fronts located on crust less than 25 km thick (Gill, 1981, p. 208-216) . However, the spread in the data is great, so these comparisons are probably meaningless.
Within the Tertiary and Quaternary rocks, three distinct compositional groupings can be made and related to specific stratigraphic units. The Tertiary and Quaternary rocks are themselves readily distinguished chemically. At a given SiO2 the Quaternary andesite and basaltic andesite are lower in FeOT than are the Tertiary rocks (Fig. 12) , and they are also distinct on an AFM diagram (Fig. 10) and on a plot of FeCVMgO vs SiO2 (Fig. 11) . Also, the Quaternary rocks tend to have higher A12O3 contents than do most of the Tertiary rbcks of similar SiO2 content (Fig. 13) . Irvine and Baragar (1971) . Note that both tholeiitic and calc-alkaline compositions occur in the quadrangles, and that the Tertiary hornblende dacite (unit Thd, exclusive of analysis no. 61) and Quaternary andesite and basaltic andesite each plot in distinct fields.
The "Kidd-Creek type" hornblende dacite intrusions (unit Thd, exclusive of analysis no. 61, which is from a body tentatively mapped in unit Thd but which is chemically quite distinct from rest of unit) are lower in FeOT (Fig. 12) , TiO2 (Fig. 14) , and MnO (Table 1) and higher in A12O3 (Fig. 13) than are the other Tertiary rocks at a given SiO2 content. They also are decidedly calc-alkaline and form a distinct cluster on an AFM diagram and a plot of FeO-r/MgO vs SiO2 (Figs. 10 and 11 ). These differences are not particularly convincing from the few analyses in Tables 1 and  2 , but numerous other analyses from "Kidd-Creek" intrusions east of the mapped quadrangles confirm these generalizations (unpublished data; J. N. Marso, oral commun., 1988 Miyashiro (1974) . Note that the Tertiary analyses straddle the boundary but that Quaternary rocks are all calc-alkaline by this definition, and that analyses of hornblende dacite (exclusive of analysis 61) plot in a tight cluster in the calc-alkaline field. (Crandell and Miller, 1974) . Contains diverse rock types foreign to the mapped area, including large stones from Tatoosh Pluton in Mount Rainier National Park. Unweathered; most clasts lack significant weathering rinds. Locally includes postglacial alluvium and colluvium. Probable age approximately 17-25 ka (Barnosky, 1984; Crandell, 1987) 
Qem
Moraine deposits-Lithologically resembles till (unit Qet) but forms morphologically distinct low hills and ridges. (Crandell and Miller, 1974; Colman and Pierce, 1981 (Crandell and Miller, 1974; Crandell, 1987) to 300 ka (Dethier, 1988) . Colman and Pierce (1981) Olivine phenocrysts generally less than 1 mm across form less than 3 percent of rock; rare small brown clinopyroxene phenocrysts. Groundmass is intergranular and strongly flow-aligned. Resembles olivine-bearing basaltic andesite of Badger Ridge but more phyric and contains less brown pyroxene. Forms mesa-like hill called The Loaf, where flow is locally more than 60 m thick and may partly fill an ancient canyon. Outcrop at south edge of quadrangle extends only 100 m farther south; it forms dike-like rib (which could be either a dike or a narrow gorge-fill), with steeply dipping platy joints parallel to its trend, and merges northward into or feeds a subhorizontal 9-10-m-thick lava flow. This flow overlies thinly bedded olivine-bearing mafic spatter (presumably of same unit and indicating proximity to vent) and underlies thin deposit of till(?). Chemical analyses indicate unit straddles basaltic andesite-andesite boundary ( Volcaniclastic rocks, undivided (Miocene) Pumice-and lithic-lapilli tuff, finegrained tuff, bedded volcaniclastic conglomerate, sandstone, and siltstone, and lithic diamictite containing volcanic-derived clasts. Typically green but locally buff, white, or mauve. Different rock types interbedded at all scales, and attempts to map them separately proved unworkable.
Correlates with volcaniclastic sedimentary rocks and tuff in adjacent Cowlitz Falls and Spirit Lake East quadrangles (Evarts and Ashley, in press a, b). Most pumice-lapilli tuff probably is of ash-flow origin. Welding ubiquitous in vitrophyric zones and commonly evident in non-vitrophyric parts of lapilli tuff; however, much pumice-lapilli tuff and most lithic-and lithic-pumice-lapilli tuff is nonwelded. Several prominent, densely welded, vitrophyric zones can be traced for considerable distances (indicated by -x-x-x-x-symbol on maps). Thickness ranges from several meters to more than 50 m. Topically plagioclase-phyric, with minor clinopyroxene; no quartz or hornblende. Lithic clasts, generally andesite or dacite, sparse to abundant. Pumice-lapilli tuff is particularly common in northern half of French Butte quadrangle and southern half of Greenhorn Buttes quadrangle. Topically of rhyodacite ( Hammond, 1980) . These ages are consistent with structure of area; oldest is on flank and youngest near trough of syncline.
Vitric airfall tuff is typically fine-grained and occurs in beds several centimeters or less thick. Commonly white, bentonitic, and zeolitic.
Bedded volcaniclastic rocks aside from airfall tuff range in grain size from silt to gravel, in sorting and Founding from poor to good, and in bed thickness from <1 c m to more than 50 cm. Sedimentary structures, such as cross bedding, channeling, and both normal and inverse size grading common. Clasts entirely of volcanic derivation, chiefly basaltic andesite and andesite but including dacite. Wood plentiful locally, with limbs as long as 2 m and stumps as wide as 1 m. Detritus probably derived from reworking of freshly erupted debris or erosion of slightly older volcanic rocks and deposited in fluvial environment.
Lithic diamictite typically poorly sorted, with clasts ranging from sand to boulder in size. Wide range in degree of rounding, with angular boulders commonly mixed with rounded gravel and cobble. Thickness of single units typically several meters but ranges from 1 m to more than 15 m. 
